An association between memory and executive dysfunction (ED) has been demonstrated in patients with mixed neurological disorders. We aimed to investigate the impact of ED in memory tasks of children with temporal lobe epilepsy (TLE). We evaluated 36 children with TLE and 28 controls with tests for memory, learning, attention, mental flexibility, and mental tracking. Data analysis was composed of comparison between patients and controls in memory and executive function; correlation between memory and executive function tests; and comparison between patients with mild and severe ED in memory tests. Children with TLE had worse performance in focused attention, immediate and delayed recall, phonological memory, mental tracking, planning, and abstraction. Planning, abstraction, and mental tracking were correlated with visual and verbal memory. Children with severe ED had worse performance in verbal and visual memory and learning tests. This study showed that ED was related to memory performance in children with TLE.
Introduction
It is well established that patients with temporal lobe epilepsy (TLE), regardless of age, have memory impairment [1, 2] , especially in declarative memory. Helmstaedter [3] reviewed 1000 patients with drug/treatment-refractory TLE and showed that 70-80% had verbal or visual memory impairment. Nevertheless, there has been a growing interest in the literature regarding the relationship between neuropsychological performance and widespread neurodevelopmental brain abnormalities in TLE [4] [5] [6] [7] [8] . These studies are related to the need to better understand the frequent observation of a global developmental cognitive impairment, not originally expected in children with TLE [9] .
Considering this scenario, there is robust evidence that, in addition to memory impairment, adults with TLE have executive dysfunction (ED) [1, 10, 11] , characterized by a perseverative response, impaired abstraction, and problem-solving deficits [1, 12] . In children and adolescents with TLE, this issue remains controversial. Although some authors have reported ED in children with TLE [12] [13] [14] , others have shown that such impairment is not as severe as in other types of epilepsy [15, 16] . In a previous study, using a comprehensive neuropsychological battery to evaluate children and adolescents with TLE [13] , we found that there was some degree of ED in 90.32% of the patients evaluated.
The construct of executive function is heterogeneous including different conceptualizations, making it somewhat abstract and open to diverse interpretations. Here, we consider the executive functions as those metacognitive capacities that allow an individual to perceive stimuli from his or her environment, respond adaptively, flexibly change direction, anticipate future goals, consider consequences, and respond in an integrated manner, utilizing all these capacities to achieve a specific goal [17] . Thereafter, it requires the ability to plan and sequence behaviors, simultaneously attending to different sources of stimuli, problem solving, resisting distraction, control inhibition and sustaining behaviors for prolonged periods. Thus, it encompasses some aspects of perception, attention, and working memory.
Studies in primates have shown that permanent or transitory damage to the frontal cortex impairs learning abilities related to association and memory in recognition tasks [18] . In addition, studies in humans have demonstrated that integrity of frontal lobe structures results in good performance on tasks designed to evaluate the encoding phase of memory processing [19] . Although the classical patterns of amnesia are not typically seen in patients with frontal lobe lesions, such patients often fail on complex memory tasks, especially those that require temporal processing of spatial information with high levels of spatial interference or that involve contextual information [20] . Furthermore, it has been suggested that the frontal lobes play a role in control processes that regulate memory encoding and retrieval [21] .
An association between verbal memory impairment and ED has been demonstrated in patients with distinct neurological or psychiatric disorders. Fossati et al. [22] noted a positive relationship between ED and verbal memory deficits in patients with schizophrenia. Vanderploeg et al. [23] found that some executive functions were related to verbal learning and memory in a sample of patients with neurological disorders of various etiologies. Duff et al. [24] , in a similar study, demonstrated that executive functions, in general, were correlated with verbal and visual memory. Nevertheless, there have been few studies evaluating the association between executive function and memory in adults with TLE. To our knowledge, there is a lack of such studies in children and adolescents with TLE.
It is well known that integrity of executive and attentional functions is essential for memory consolidation. On the basis of this knowledge, we hypothesize that the memory impairment observed in patients with TLE is explained, in part, by ED. Up until the present time, the impact of ED in memory functioning has not been investigated in patients with TLE, especially in children and adolescents. Despite of that, Hermann et al. [25] showed that extratemporal cortices are affected in TLE, which could suggest that executive inefficiencies might not stem from temporal epileptogenic activity but rather possibly from anatomical changes in the frontal substrates related to chronic epilepsy or other factors.
In the present study, we aimed to evaluate the effect that executive function has on the memory performance of children with TLE. In addition, we attempted to determine whether individual aspects of memory are related to executive dysfunctions.
Material and methods

Studied population
Patients with TLE were recruited from among children and adolescents under treatment at a tertiary epilepsy center. Control subjects, composed of healthy volunteers was matched to the patients for age, sociodemographic profile, and educational background. Healthy volunteers were recruited from among students at a public school.
Exclusion criteria, applied for both patients and controls, were: an estimated IQ below 80 clinical signs of drug intoxication or systemic and metabolic disorders that could lead to cognitive impairment; alcohol or drug abuse; any neurosurgical procedure; and not currently attending school. Children with current or previous history of other neurological disorders, with moderate to severe learning disabilities, with attention deficit hyperactivity disorder, and those using psychoactive drugs that might impair neuropsychological performance were also excluded. A portion of the present sample was also examined in other already published studies [13, 14] .
Patients and controls, as well as their parents, were evaluated by a child psychiatrist with a structured psychiatric interview followed no more than six weeks later by the Portuguese validated version of Schedule for Affective Disorders and Schizophrenia for School-Age Children -Present and Lifetime Version (KSADS-PL) [26] . Therefore, children and adolescents with lifetime history of major psychiatric disorders (DSM-IV TR) [27] were excluded.
Patients
We prospectively evaluated 36 children and adolescents with TLE [47.22% males; mean age 11.78 ± 2.26 years (range, 8-16 years)]. Mean IQ, estimated on the basis of performance on the Block Design and Vocabulary subtests of the Wechsler Intelligence Scale for Children-Third Edition [28] , was 99.53 ± 13.25 (range, 80-135).
Twenty-nine children (80.56%) had symptomatic TLE, defined as a lesion restricted to the mesial or lateral temporal lobe region, as demonstrated by 1.5-T MRI. The symptomatic TLE group was made up by (1) mesial TLE group with 22 children (75.86%) -19 with hippocampal sclerosis, two with a tumor, and one with gliosis on the parahippocampal gyrus and by (2) lateral TLE group with seven children (24.14%) -three with dysplasia, one with cysts, two with a tuber, and one with a cavernoma.
Seven children (19.44%) had cryptogenic TLE determined by concordant interictal and ictal findings (VEEG). Children with extratemporal epileptiform discharges were excluded.
The mean age at epilepsy onset was 4.58 ± 3.34 years, and the mean duration was 6.70 ± 3.07 years. Nineteen children (52.78%) had drug/treatment-refractory TLE and, at the time of evaluation, 17 (47.22%) had TLE that was well controlled (seizure-free for at least six months prior to the cognitive assessment). There were 25 children (69.44%) under monotherapy, eight (22.22%) under polytherapy, and three (8.33%) with no pharmacotherapy. Demographic and clinical data are summarized in Table 1 .
Controls
The control group was composed of 28 healthy children and adolescents (32.14% males). The mean age was 11.96 ± 2.30 years (range, 9-16 years). The mean IQ was 109.39 ± 13.95 (range, 83-135).
Methods
Children were included after a written consent was obtained with parents or caretakers. This protocol was approved by the Ethics Committee of the University of São Paulo and of the University of Campinas.
Neuropsychological evaluations were performed at least 48 h after the last seizure. Three patients had seizures during testing and were re-evaluated one week later. The tests were administered by two trained neuropsychologists in a quiet laboratory setting and in 
Memory tests
Children with TLE had a worse performance in terms of immediate recall of Story Memory (F = 3.24; p = 0.039) and WRAML Sentence Memory subtest (F = 10.11; p = 0.001), and in terms of delayed recall of Visual Learning (F = 5.61; p = 0.011). Therefore, patients had deficits in episodic memory for verbal and visual materials and in phonological memory.
There were no differences between the two groups in terms of episodic memory for visual material, learning, or recognition memory ( Table 2) .
Executive function tests
Children and adolescents with TLE had worse performance on the following executive tests: number of errors in TMT part B (F = 4.69; p = 0.018); WCST number of categories (F = 4.85; p = 0.016) and number of non-perseverative errors (F = 2.74; p = 0.052); Verbal Fluency for foods (F = 3.09; p = 0.042), and Number/Letter Memory (F = 6.83; p = 0.006). This indicates that the patients had deficits in attention (focused and divided), mental tracking for semantic information, and concept formation.
There were no differences between the two groups for mental control, selective attention, or mental flexibility (Table 3) . 
Association between memory processes and executive functions
Digit Span Backward was correlated with Design Memory (t = 4.14; p b 0.001); with Story Memory, immediate recall (t= 3.02; p = 0.005); and with Sentence Memory (F= 3.81; p = 0.001).
Number/Letter Memory was correlated with Picture Memory (t = 2.87; p = 0.007) and Semantic Memory (t = 4.42; p b 0.001).
Design Memory performance was determined by MFFT errors (t = 3.50; p = 0.001) and time to complete the TMT part B (t = 3.06; p = 0.006); number of perseverative errors (t= 2.66; p = 0.012); and number of perseverative responses (t= 2.49; p = 0.018) of Wisconsin Card Sorting Test.
Results of executive function tests were not significantly correlated with memory tests when we used α = 0.01 and corrected for differences in IQ. The significant results of the regression analysis are in Tables 4 and 5 Pearson's correlation between memory function tests and other executive function tests did not reach the α level of 0.010.
Relationship between executive functions and memory determined by Stepwise Regression Analysis
Stepwise Regression Analysis results of each memory test with executive functions are shown in Tables 1 and 2 (Table 6 ).
Association between IQ and executive function tests
Patients with mild and moderate ED (mean = 104.5, SD = 11.49) had a trend to a significantly higher IQ score than patients with severe ED (mean = 97.04, SD = 13.59; F = 4.03, p = 0.053).
In the patient group, IQ was significantly associated with WCST categories achieved (r = 0. In the control group, IQ was not significantly associated with any executive function test when the α level was set to 0.010.
Discussion
This study demonstrated that some aspects of memory and executive functions are impaired in children and adolescents with TLE and that the presence of an executive dysfunction was highly associated with impaired performance on some memory tests.
Children with temporal lobe epilepsy exhibited deficits in immediate and delayed recall of episodic memory, for verbal stimuli and for phonological memory, in agreement with earlier studies that showed impaired immediate recall of verbal material [32] and impaired delayed recall, suggesting deficits in long-term memory storage [33, 34] . However, these findings are in contrast with those showing that immediate recall is not impaired in children and adolescents with TLE [35] or that only delayed recall is compromised [33, 34] . We attribute these distinct results to methodological differences between studies. Other studies involved samples with adults [3, 33, 34] and evaluated different groups in their comparison such as patients with temporal lobe and frontal lobe epilepsy [33, 34] . In our work, we used a battery developed to study distinct aspects of memory, using 10 subtests that assess immediate and delayed recall for verbal and visual stimuli, besides including a test for phonological memory. In addition, we avoided the use of tests applied to adults, choosing only those designed specifically for childhood. The use of tests developed for children and adolescents, instead of those adapted from adults, avoids underachievement due to the difficulties of the test itself and not due to the cognitive impairment. Furthermore, our data that are related to deficits in episodic verbal memory and phonological memory corroborate those presented by Helmstaedter [3] , although with different tests.
Some studies with TLE [3, 32, 36] showed more robust evidence of memory impairment than the ones observed in our group (three out of 12 memory indices). This may be related to distinct factors considering selection criteria and some clinical variables. Exclusion of patients with other comorbidities, such as psychiatric disorders, intellectual retardation, learning disabilities, and ADHD, was done in order to avoid the impact of these variables on executive functioning. The impact of psychiatric disorders in distinct aspects of executive and memory functions has been extensively demonstrated [37] [38] [39] . Therefore, the studied sample is a selected group of patients from a wider spectrum of patients with TLE and may represent a higher functioning group of children and adolescents with TLE. The use of some very restrictive selection criteria, which excluded psychiatric comorbidities, intellectual disabilities, learning disabilities, and attentional disorders, might explain some of the differences between previous studies [3, 32, 36] and ours.
The importance of controlling for differences in intelligence potential and excluding patients with a lower IQ (lower than 80) is related to the consensus that intelligence is associated with executive functions. In the Spearman's general factor model (factor g), there is an emphasis in the role of executive control for a higher intelligence potential [40, 41] . By the same token, when considering the alternative intelligence framework [42, 43] , according to which the intelligence reflects the average or combined activity of many separate cognitive functions, executive functions also play a pivotal role [44] .
Other evidence for the relevance of considering the effects of IQ on executive functions was also observed in our analysis, as we demonstrated that patients with severe ED had a trend of showing a lower IQ score compared with patients with mild/moderate ED. Nevertheless, we also revealed that IQ might have a different impact on some executive subfunctions than others. Criteria for controls considered sociodemographic level, especially schools that had a similar curriculum. It is also relevant that, in opposition to series with adults [45] or surgical series with children [46] , this study analyzed children with TLE irrespective of its control and etiology.
In a previous study, our group demonstrated that children with TLE present ED [13, 14] . In addition, this ED was specific to certain executive functions, such as focused attention, selective attention, abstraction, and mental tracking for semantic information. Therefore, patients had worse performance than controls in some but not in all executive function tests used, which might reflect the fact that some aspects of executive functions were impaired and others were not. For a more detailed discussion of these findings, refer to Rzezak et al. [13, 14] . These findings are in agreement with those of Igarashi et al. [12] , using the WCST, who demonstrated deficits in planning and abstraction in a sample of children with TLE. Nevertheless, we used a more extensive battery with a broader model of executive functions that allowed us to evaluate executive functions other than planning and abstraction.
Some authors have not observe ED in children with TLE [15, 16] . However, in these studies children with TLE were compared with children with other epilepsy syndromes, such as frontal lobe epilepsy, in which executive function is undoubtedly more impaired than in patients with TLE.
We analyzed the relationship between ED and memory from a unique perspective, evaluating a sample composed exclusively of children and adolescents with TLE. In addition, we used two different analyses to confirm our data -a simple regression analysis and a Stepwise Regression Analysis. The main finding was that executive functions have an effect on some aspects of verbal and visual memory in all analyses performed. Moreover, patients with TLE and controls showed a different pattern of associations between executive and memory functions, which also suggests that TLE pathology might alter the memory-executive function relationship in comparison with healthy individuals. To our knowledge, only a few studies that investigated this relationship have focused on neurological populations [23, 24] , and all of those involved mixed neurological samples with distinct neurological diseases. This relationship has not been demonstrated in patients with epilepsy though. Duff et al. [24] determined that executive functions have an impact on visual memory and, to a lesser degree, on verbal memory. Here, we have demonstrated the relationship between executive and memory functions in a homogeneous sample. Laterality of TLE in adults usually has an impact on the type of memory impairment of those patients [3] . Although it would be interesting to investigate if the impact of ED in memory functions would be different in patients with left or right TLE, our sample size did not allow for this comparison. However, in a previous study [47] that included only patients with unilateral mesial temporal sclerosis, we could not demonstrate differences between children with left or right TLE in verbal or visual memory tests, which seems to favor a non-material-specific pattern of memory impairment in children with TLE, which has been demonstrated by others [48, 49] . Future studies, with a larger sample with children and adolescents with unilateral TLE, are necessary to determine if there is a different impact of ED on verbal and visual memory of patients with left and right TLE.
Besides, in addition, we demonstrated that certain aspects of executive functions, but not all, had an impact on memory, thereby corroborating previous findings that demonstrated the importance of investigating different domains of executive functions and how some of them may be more related to memory than others [23] . Attention, mental tracking, and abstraction were the executive subfunctions that had a more substantial influence on memory functioning.
Our most remarkable finding was that all aspects of attention (focused attention, selective attention, and divided attention) were related to memory impairment. Focused attention is the most basic type of attention. It is a non-uniform cognitive function, related to the distribution of awareness of particular sensory stimuli, and is, therefore, essential for the acquisition of information that must be subsequently stored. Selective attention consists in directing attention resources to one stimulus among many and, thus, requires inhibition of interference in order to pay attention to a given source of information. Divided attention plays a role in memory functions because it implies the sharing of attentional resources between competing stimuli. Thus, our finding can be easily explained by the role that attention plays in memory consolidation. Attentional processes are crucial for good retention, because if the stimulus acquisition phase is inefficient, the information cannot be stored [29] .
We observed that a deficit in working memory also had an impact on memory impairment. In fact, this relationship was expected because what has been previously shown is that short-term storage of verbal and/or visual information is correlated with certain aspects of working memory [50] . In addition, in daily life, individuals often have to retain and manipulate information before storing the final data.
It is well established that, even in samples of patients with the same syndrome, individual patients can respond differently to the same neurological insult. In an attempt to refine our analysis, we categorized patients according to the severity of ED and evaluated the impact that the degree of severity had on memory functions. Patients with severe ED performed more poorly on tests of episodic memory (visual and verbal), phonological memory, and learning (visual and verbal). Therefore, although memory dysfunction in children with TLE is related to hippocampal involvement, the severity of ED might play an important role in this cognitive domain.
Not surprisingly, when comparing children with mild/moderate to those with severe ED, differences in age, schooling, and age of epilepsy onset were evident. We previously demonstrated that earlier age of onset and longer epilepsy duration were more frequently observed in patients classified as having severe ED, which may represent an epiphenomenon of a diseased cortex [13] . Therefore, it would be impossible to match these groups for other variables. Although this is a limitation of this analysis, the categorization of children and adolescents according to their ED severity seemed necessary in order not to classify all patients under the same umbrella.
Our findings have clinical implications for programs aimed at the rehabilitation of patients with TLE, especially children and adolescents. Programs in which the neuropsychological evaluation is based solely on memory functioning and the cognitive rehabilitation designed to encompass this dysfunction can be less effective and have an undesirable impact on social functioning. However, TLE rehabilitation programs which take the extensive clinical neuropsychological profile into consideration can result in better patient quality of life. Seizure control is only one of the aspects that must be addressed, and there is a need for a more comprehensive approach to treating patients with epilepsy, especially those with TLE.
